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MICROWAVE METHOD FOR PREPARING RADIOIiABELLBD GALLIUM COMPLEXES 

The present invention relates to a method of producing radiolabelled gallium 
complexes. The complexes could be used as diagnostic agents^ e.g. for positron 
5 emission tomography (PET) imaging. 

PET imaging is a tomographic nuclear imaging technique that uses radioactive tracer 
molecules that emit positrons. When a positron meets an electron, the both are 
annihilated and the result is a release of energy in form of gamma rays, which are 

10 detected by the PET scanner. By employing natural substances that are used by the 
body as tracer molecules, PET does not only provide infonnation about structures in 
the body but also infonnation about the physiological function of the body or certain 
areas therein. A common tracer molecule is for instance 2-fluQro-2-deoxy-D-glucose 
(FDG), which is similar to naturally occurring glucose, with the addition of a 

1 5 atom. Gamma radiation produced from said positron-emitting fluorine is detected by 
the PET scanner and shows the metabolism of FDG in c^tain areas or tissues of the 
body, e.g. in the brain or the heart The choice of tracer molecule depends on what is 
being scanned. Generally, ia tracer is chosen that will accumulate in the area of 
interest, or be selectively taken up by a c^ain type of tissue, e.g. cancer cells. 

20 Scanning consists of eiOier a dynamic series or a static image obtained after an 
interval during which the radioactive tracer molecule enters the biochemical process 
of interest The scanner detects the spatial and tempoiaJ distributicm <^ die tracer 
molecule. PET also is a quantitative imaging method allowing the measurement of 
regional concentrations of the radioactive tracer molecule. 

25 

Commonly used radionuclides in PET tracers are "C, '^O ^hi or ^^r. Recently, 

new PET tracers were produced that are based on radiolabelled metal complexes 

comprising a bifunctional chelating agent and a radiometaL Bifimctional chelating 

agents are chelating agents that coordinate to a metal ion and are linked to a targeting 

30 vector that will bind to a target site in the patient's body. Such a targeting vector may 

be a peptide that binds to a certain receptor, probably associated with a certain area 

in the body or with a certain disease. A targeting vector may also be an 

oligonucleotide specific for e.g. an activated oncogene and thus aimed for tumour 

localisation. The advantage of such complexes is that the bifunctional chelating 
PZ0334/FI/1 1.04.2003 
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agents may be labelled with a variety of radiometals like, for instance, ^Ga, ^'^i or 
In this way, radiolabelled complexes with special properties may be **tailo]red" 
for certain i9>pUcations. 



5 ^Ga is of special interest for the production of Ga-radiolabelled metal complexes 
used as tracer molecules in PET imaging. ^^Ga is obtained from a ^Ge/^Ga 
generator, which m^s that no cyclotron is required. ^Ga decays to 89% by 
positron emission of 2.92 M eV and its 68 min half life is sufficient to follow many 
biochemical processes in vivo without unnecessary radiation. With its oxidation state 
10 of +in, ^Ga forms stable complexes with various types of chelating agents and ^Ga 
tracers have been used for brain, renal, bone, blood pool, lung and tumour imaging. 

J. Schumacher et al.. Cancer Res. 61, 2001, 3712-3717 describe the synthesis of 

^^Ga-j^,7^X2-hydioxy-5-(ethylene-j8-caifooxy)beii2yl]ethylenedianiine-NJ4 
15 acid (^Ga-HBED-CQ. ^Ga obtained fiom a ^Ge/^Ga generator and Ga^ earner 

are reacted with the chelating agent HBED-CC in acetate buffer for 15 min at 9S"C. 

Uhcomplexed ^Ga is separated fiom the complex using a cation exchange column. 

The overall prq)aration is reported to take 70 min. A disadvantage of this method is 

that the overall preparation time of the radiolabelled complex is very long. Due to 
20 the addition of "cold" Ga^ carrier, the specific activity of the reaction is low. 

Moreover, the radiolabelled complex had to be purified after the complex formation 

reaction. 

WO-A-99/56791 discloses the reaction of ^^GaCb obtained from a ^*Ge/**Ga 
25 generator with the tetradentate amine trithiolate chelating agent tris(2- 
mercaptobenzyl)amine (SsN)* The complex formation is carried out at room 
temperature for 10 min. A disadvantage of the method described is that the 
radiolabelled complex had to be purified by liquid chromatography before it could be 
used for in vivo studies. A further disadvantage of the method is the relatively long 
30 reaction time 

6. Ugur et al., Nucl. Med. Biol. 29, 2002, 147-157 describe the synthesis of the ^*Ga 
labelled somatostatin analogue DOTA-DPhe'-Tyr^-octreotide (DOTATOC). The 
compoimd is prepared by reacting ^'GaCh obtained bom a ^Ge/^^Ga generator with 



wo 2004/089425 



PCT/GB2004/001S50 



3 

the chelating agent DOTATOC for IS min at lOO^C. A disadvantage of Oils method 
is that the reaction mixture had to be heated at relatively high temperatures. The 
DOTA chelating agent was functionalised with a peptide targeting vector and 
peptides and proteins are substances, which are known to be sensitive to heat. Tbus, 
S with the method described there is a risk that heat sensitive targeting vectors are 
destroyed during complex formatioiL A fiirflier disadvantage is that the complex had 
to be purified by HPLC before it could be used.for animal studies. 

US-A-S070346 discloses ^^Ga-labelled complexes of the chelating agent 
10 tetraethylcyclohexyl-bis-aminoethanetfaiol (BAT-TECH). The complexes . are 
synthesised by reacting ^GaCla obtained firom a ^Ge/^Ga generator with BAT- 
TECH at 7S^C for 15 min and subsequent filtration. The preparation of the complex 
was accomplished in 40 min. Due to the high reaction temperature; this method 
would not be suitable for bifunctional chelating agents comprising a heat sensitive 
IS targeting vector, for instance a peptide or a protein. A finther disadvantage is the 
long reaction time of the conqilex formation reaction. 

In vi^ of the relatively short half-life of ^Ga there is a need for a fast method for 
the synthesis of ^Ga-labelled complexes, which could be used as tracer molecules 
20 for PET imaging. 

It has now been foimd that the use of microwave activation substantially imjHoves 
the efBciency and reproducibility of the ^Ga-chelating agent complex formation. 
Due to microwave activation, chemical reaction times could be shortened 

25 substantially; i.e. the reaction is completed within 2 min and less. This is a clear 
improvement as a 10 minutes shortage of the reaction time saves about 10% of the 
^Ga activity. Furthermore, microwave activation also leads to fewer side reactions 
and to an increased radiochemical yield, which is due to increased selectivity. 
Solutions of ^Ga^, ^^Ga^* and ^^Ga"^ radioisotopes, which have been obtained by 

30 cyclotron production or firom a generator contain so-called pseudo carriers, i.e. other 
metal cations like for instance Fe^^, Al^, Cu^\ Zxi^* and In^^. As these pseudo 
carriers compete with Ga^"^ in the complex formation reaction, it is important to 
increase the selectivity of the radiolabelling reaction. Hence, microwave activation 
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has a positive effect on radiolabelling with all Ga-iadioisotopes, namely with ^Ga, 
^^Gaand**Ga. 

Microwave activation has been used in nucleophilic aroniatic radiofluorations with 
S ^^F and it was found that comparable or better yields than those repotted for thermal 
treatments were obtained in shorter reaction times (S. Stone-Elander et al., Appl. 
Rad. Isotopes 44(5), 1993, 889-893). However, the use of microwave activation in 
Ga-radiolabelling reactions has not been described yet. 

10 The invention thus provides a method of producing a radiolabelled gallium complex 
by reacting a Ga^*^ radioisotope with a chelating agent characterised in that the 
reaction is carried out using microwave activation. 

Suitable Ga^* radioisotopes according to ttie invention are ^Ga^*, ^^Ga^ and **Ga^*, 
1 5 prefmbly ^Ga^* and '^Ga^* and particularly preferably ^Ga^. ^Ga^ and "Ga^ are 
particulariy suitable for the production of radiolabelled complexes useful in PET 
imaging whereas ^^Ga^ is particularly suitable for the production of radiolabelled 
complexes useful in single photon emission computerised tomography (SPECT). 

20 ^Ga^* is obtainable by cyclotron production by irradiation of elemental zinc targets. 
To minimise the amounts of ^^Ga production, the target thickness is preferably 
maintained such that the degraded proton energy is above 8 MeV, and iiradiation 
time is kept short, e.g. <4 hrs. The chemical separation may be achieved using 
solvent-solvent extraction techniques using isopropyl ether and HCI as described in 

25 L.C. Brown, Int. J. Appl. Radiat. Isot 22, 1971, 710-713. *^Ga has a relatively long 
half-life of 9.5 h and the most abundant positron emitted has a uniquely high energy 
of4.2MeV. 

^^Ga^"*^ is obtainable by cyclotron production and ^^GaCla obtained by cyclotron 
30 production is a commercially available compound. The half-life of ^^Ga is 78 h. 

^^Ga is obtainable from a ^Ge/^Ga generator. Such generators are known in the art 
and for instance described by C. Loc'h et al, J. Nucl. Med. 21, 1980, 171-173. 
Generally, ^Ge is loaded onto a column consisting of an organic resin or an 
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inorganic metal oxide like tin dioxide, aluminium dioxide or titanium dioxide. ^Ga 
is eluted from the column with aqueous HCI, yielding ^GaCb. ^Ga^"^ is particularly 
preferred in the method according to the invention as its production does not require 
a cyclotron and its 68 min half-life is sufficient to follow many biochecxiical 
5 processes in VIVO by PET imaging withoiit long radiation. 

Preferred chelating agents for use in the method of the invention are those i^hich 
present the Ga^ radioisotopes in a physiologically tolerable form. Further preferred 
chelating agents are those that form complexes with Ga^ radioisotopes that are 
10 stable for the time needed for diagnostic investigations using the radiolabelled 
complexes. 

Suitable chelating agents are» for instance, polyaminopolyacid chelating agents like 
DTPA, EDTA, DTPA-BMA. DOA3, DOTA, HP-DOA3, TMT or DPDP. Tbose 

IS chelating agents are well known for radiopharmaceuticals and radiodiagnosticals. 
Their use and synthesis are described in, for example, US-A-4647447, US-A-5362 
475, US-A-5534241, US-A-5358704, US.A-5198208, US-A-4963344, EP-A- 
230893, EP-A-130934, EP-A-606683. EP-A-438206, EP-A-434345, WOA- 
97/00087, WO-A-96/40274, WO-A-96/30377, WO-A-96/28420, WO-A- 96/16678, 

20 WO-A-96/11023, WO-A.95/32741, WO-A-95/27705, WO-A-95/26754, WOA- 
95/28967, WOA.95/28392, WO-A-95/24225, WO-A-95/17920, WO-A-95/15319, 
WOA-95/09848, WO-A-94/27644, WO-A-94/22368, WO-A-94/08624, WO-A- 
93/16375, WO-A-93/06868, WOA-92/11232, WO-A-92/09884, WO-A-92/08707, 
WO-A-91/15467, WO-A-91/10669, WO-A-91/10645, WO-A-91/07191, WO-A- 

25 91/05762, WO-A-90/12050, WO-A-90/03804, WO-A-89/00052, WO-A-89/00557, 
WO-A-88/01178. WO.A-86/02841 and WO-A-86/02005. 

Suitable chelating agents include macrocyclic chelating agents e.g. porphyrin-like 
molecules and pentaaza-macrocycles as described by Zhang et al., Inorg. Chem. 
30 37(5), 1998, 956-963, phthalocyanines, crown ethers, e.g. nitrogen crown ethers such 
as the sepulchrates, cryptates etc., hemin (protoporphyrin IX chloride), heme and 
chelating agents having a square-planar symmetry. 
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Macrocyclic chelating agents are preferably used in the method of the invention. In a 
preferred embodiment, these macrocyclic chelating agents comprise at least one hard 
donor atom such as oxygen and/or nitrogen like in polyaza- and 
polyoxomacrocycles. Preferred examples of polyazamacrocyclic chelating agents 
5 include DOTA, TRTTA, TETA and HETA with DOTA being particularly preferred. 

Particularly preferred macrocyclic chelating agents comprise functional groups such 
as caifooxyl groiq>s or amine groups which are not essential for coordinating to Ga^'^ 
and thus may be used to couple other molecules, e.g. .targeting vectors, to the 
10 chelating agent. Examples of such macrocyclic chelating agents conqprising 
fimctional groups are DOTA, TRITA or HETA. 

In a further prefmed embodiment, bifimctional chelating agents are used in the 
method according to the invention. **Bifunctional chelating agent** in the context of 

15 the invention means chelating agents that are linked to a targeting vector. Suitable 
targeting vectors for bifimctional chelating agents useful in the method accordhig to 
the invention are chemical or biological moieties, which bind to target sites in a 
patient's body, when the radiolabelled gallium Qonqilexes comprising said targeting 
vectors have been administered to the patient's body. Suitable'targeting vectors for 

20 bifimctional chelating agents useful in the method according to the invention are 
proteins, glycoproteins, lipoproteins, polypeptides like antibodies or antibody 
fragments, glycopolypeptides, lipopolypeptides, peptides^ like RGD Unding 
peptides, glycopeptides, lipopeptides, carbohydrates, nucleic acids e.g. DNA, RNA, 
oligonucleotides like antisense oUgonucleotides or a part, a fragment, a derivative or 

25 a complex of the aforesaid compounds, or any other chemical compound of interest 
like relatively small organic molecules, particularly small organic molecules of less 
than 2000 Da. 

In a particularly preferred embodiment, macrocyclic bifimctional chelating agents 
30 are used in the method according to the invention. Preferred macrocyclic 
bifunctiona] chelating agents comprise DOTA, TRTTA or HETA linked to a 
targeting vector, preferably to a targeting vector selected from the group consisting 
of proteins, glycoproteins, lipoproteins, polypeptides, glycopolypeptides, 
lipopolypeptides, peptides, glycopeptides, lipopeptides carbohydrates, nucleic acids. 
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oligonucleotides or a part, a fragment, a derivative or a complex of (he afonesaid 
compoimds and small organic molecules; particularly preferably to a targeting v*ector 
selected from the group consisting of peptides and oligonucleotides. 

5 The targeting vector can be linked to the chelating agent via a linker group or ^a a 
spacer molecule. Examples of linker groups are disulfides, ester or amides, exanaples 
of spacer molecules are chain-like molecules, e.g. lysin or hexylamine or short 
peptide-based spacers. In a preferred embodiment, the linkage between the targeting 
vector and the chelating agent part of radiolabelled gallium complex is as such that 
10 the targeting vector can interact with its target in the body without being blocked or 
hindered by the presence of the radiolabelled gallium .complm. 

Microwave activation according to the invention is suitably carried out by using a 
microwave oven,, preferably by using a monomodal microwave oven as. Suitably 
15 microwave activation is cairied out at 80 to 120 W, preferably at 90 to 110 W, 
particularly preferably at about 100 W. Siiitable microwave activation times range 
from 20 s to 2 min, preferably from 30 s to 90 s, particularly preferably from 45 s to 
60s. 

20 A temperature control of the reaction is advisable when temperature sensitive 
chelating agents, like for instance bifimctional chelating agents comprising peptides 
or^proteins. as targeting vectors, are employed in the method according to the 
invention. Duration of the microwave activation should be adjusted in such a way, 
that the temperature of tiie reaction mixture does not lead to the decomposition of the 

25 chelating agent and/or the targeting vector. If chelating agents used in the method 
according to the invention comprise peptides or proteins, higher tempo^tures 
applied for a shorter time are generally more favourable than lower temperatures 
applied for a longer time period. 

30 Microwave activation can be carried out continuously or in several microwave 
activation cycles during the course of the reaction. 

hi a preferred embodiment, the invention provides a method of producing a ^Ga 
radiolabelled PET imaging tracer by reacting ^Ga^ with a macrocyclic bifimctional 
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chelating agent comprising hard donor atoms, characterised in that the reaction is 
carried oat using microwave activation. 

In a particularly prefenred embodiment of the method described in the last preening 
5 paragraph, the microwave activation is carried out firom 30 s to 90 s at 90 to 1 10 W. 

If ^Ga^* is used in the method according to the invention, the ^Ga^ is preferably 
obtained by contacting the eluate form a ^Ge/^Ga generator with an anion 
exchanger and eluting ^Ga^* fiom said anion exchanger. In a preferred embodiment, 
10 the anion exchanger is an anion exchanger comprising HCOa' as counterions. 

The use of anion exchangers to treat ^Ga eluate obtained fixrai a ^Ge/^'Ga generator 
is described by J. Schuhmacher et al. Int. J. zpph Radiat Isotopes 32, 1981, 31-36. A 
Bio-Rad AG 1x8 anion exchanger was used for treating the 4.5 N HCl ^Ga eluate 
1 5 obtained from a ^Ge/^Ga generator in order to decrease the amount of ^Ge present 
in the eluate. 



It has now been found that the use of anion exchangers comprising HCO3' as 
counterions is particularly suitable for the purification and concentration of the 

20 generator eluate. Not only the amoimt of ^*Ge present in the eluate could be reduced 
but also the amount of so-called pseudo carriers, i.e. other metal cations like Fe^, 
Al^^ Cu^*, Zn^* and In^, that are eluted together witb the ^*Ga^ from the generator. 
As these pseudo carriers compete with ^Ga^* in the subsequent complex formation 
reaction, it is especially favourable to reduce the amoimt of those cations as much as 

25 possible before the labelling reaction. A further advantage of the anion-exchange 
purification step is that the concentration of ^Ga^\ which is in the picomolar to 
nanomolar range after the elution, can be increased up to a nanomolar to micromolar 
level. Hence, it is possible to reduce the amount of chelating agent in a subsequent 
complex formation reaction, which considerably increases the specific radioactivity. 

30 This result is important for the production of ^Ga-radiolabelled PET tracers that 
comprise a bifunctional chelating agent; i.e. a chelating agent linked to a targeting 
vector, as the increase in specific radioactivity enables the reduction in amount of 
such tracers when used in a patient. 
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Hence, another preferred embodiment of the metiiod according to the inventiora is a 
method of producing a ^Ga- radiolabelled complex by reacting ^Ga^ with a 
chelating agent using microwave activation, wherein the ^Ga^ is obtained by 
contacting the eluate form a ^Ge/^Ga generator with an anion exchanger, prefer-ably 
5 with an anion exchanger comprising HCQ3' as counterions, and eluting ^Ga^ fiom 
said anion exchanger. 

^Ge/^^Ga generators are known in the art, see for instance C. Loc*h et al, I. Wucl. 
Med. 21, 1980, 171-173 of J. Schuhmacher et al. Int. J. appl. Radiat. Isotopes 32, 
10 1981, 31-36. ^Ge may be obtained by cyclotron production by irradiation of^ for 
instance Ga2(S04)3 with 20 MeV protons. It is also commercially available, e.g. as 
^Ge in 0.5 M HCl. Genmlly, ^Ge is loaded onto a column consisting of organic 
resin t>r an inorganic metal oxide like tin dioxide, aluminium dioxide or titanium 
dioxide. ^^Ga is eluted from the column with aqueous HCl yielding ^GaCls. . 

15 

Suitable columns for ^Ge/^Ga generators consist of inorganic oxides like 
aluminium dioxide, titanium dioxide or tin dioxide or organic resins like resins 
comprising phenolic hydroxyl groups (US-A-4264468) or pyrogallol (J. 
Schuhmacher et al.. Int. J. ^pL Radiat. Isotopes 32, 1981, 31-36). In a preferred 
20 embodiment, a ^^Ge/^Ga generator comprising a column comprising titanium 
dioxide is used in the method according to the invention. 

The concentration of the aqueous HCl used to elute the ^*Ga firom the ^Ge/^^Ga 
generator column depends on the column material. Suitably 0.05 to 5 M HCl is used 
25 for elution of ^Ga. In a preferred embodiment, the eluate is obtained fix>m a 
^^Ge/^^Ga generator comprising a column comprising titanium dioxide and ^Ga is 
eluted using 0.05 to 0.1 M HCl, preferably about 0.1 M HCl. 

In a preferred embodiment of the method according to the invention, a strong anion 
30 exchanger comprising HCO3" as counterions, preferably a strong anion exchanger 
comprising HCO3' as counterions, is used. In a fiarther preferred embodiment, this 
anion exchanger comprises quaternary amine functional groups. In another further 
preferred embodiment, this anion exchanger is a strong anion exchange resin based 
on polystyrene-divinylbenzene. In a particularly preferred embodiment, the anion 
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exchanger used in the method according to the invention is a stnmg anion exch.ange 
resin comprising HCO3' as comiterions, quaternary amine iimctional groups and the 
resin is based on polystyrene-divinylbenzene. 

5 Suitably, water is used to elute the ^Ga fiom the anion exchanger in fte method 
according to the invention. 
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Examples 
5 Example 1; 

Comparison of ^Ga - radiolabdling of ]>OTA-D-Pliel-iyr^ - Octreotide 
(DOTA-TOQ using conventional heating and microwave activation: 

la) ^Ga - radiolabelling of DOTA-TOC using conventional heating: 
1 0 Sodium acetate wais added to the eluate from a ^Ge/^Ga-generator (36 mg to 1 mL) 
to adjust the pH of the eluate to approximately 5.5 and the mixture was vortexed 
well. DOTA-TOC (20 nmol) was added and the reaction mixture was heated at 96 
^C for 25 min. The reaction mixture was cooled to room tCTq>erature and applied to 
a C-18 SPE-column (HyperSEP S CIS), which was then washed with 2 mL H2O and 
IS the product was eluted witii ethanol: water 50:50 (1 mL). 

The reaction mixture and the product were analysed by HPLC using Vydac RP and 
Fast Desalting HR 1 0/10 FPLC gel filtration cohmms. 
The analytical radiochemical vield (RCY) was 67%. 
20. The isolated RCY was 34%. 

Electrospray ionization mass spectrometry, ESI-MS, was perfoimed on Fisons 
Platform (Micromass, Manchester, UK), using positive mode scanning and detecting 
[M+2H]^*. DOTATOC was detected at m/z =711.26 and authentic Ga-DOTATOC 
25 was detected at. m/z = 746.0 (calculated m/z = 746.5). 

1 b) ^^Ga - radiolabelling of DOTA-TOC using microwave activation 

30 The reaction mixture was prepared identically as described under la) and transferred 
into a Pyrex glass vial for microwave activation for 1 min at 100 W. The reaction 
mixture was cooled to room temperature and appUed to a C-18 SPE-column 
(HyperSEP S €18), which was then washed with 2 mL H2O and the product was 
eluted with ethanol: water 50:50 (1 mL). 



35 
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The reaction mixture and fhe product were analysed by HPLC using Vydac RP and 
Fast Desalting HR 10/10 FPLC gel filtration colunms. 
5 The analytical RCY was over 98%. 
The isolated RCY was 70%. 

Electrospray ionization mass spectrometry, ESI-MS, was performed on Fisons 
Platform (Micromass, Manchester, UK), using positive mode scanning and detecting 
10 [M+2irp^ DOTATOC was detected at m/z =71 1.26 and authentic Ga-DOTATCX: 
was detected at m/z - 746.0 (calculated m/z = 746.5). 



1 S Ic) Results of the comparison 

Li the case of microwave activation, the amount of radioactive material and the 
product specific activity was increased by 21%. The isolated radiochemical yield 
was increased 2 fold compared to the results obtained with conventional heating. As 
the radiochemical yield of the reaction mixture in case of microwave activation was 
20 over 98%, a further purification would not have been necessary and the crude 
reaction niixture could have been used for in vivo application. 

Example 2; 

25 ^^Ga radiolabelUng of DOTA linked to oligonucleotides 

In a first step, four different antisense oligonucleotides specific for activated human 
K-ras oncogene were linked to DOTA: 

• 1 7~mer phosphodiester oligonucleotide with hexylaminolinker at 5 ' end; 
30 •I 7-mer phosphodiester oligonucleotide with hexylaminolinker at 3 ' end; 

• 1 7-mer phosphorothioate oligonucleotide with hexylaminolinker at 5 ' end; and 

• 2 -O-methyl phosphodiester with hexylaminolinker at 5 ' end. 
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2a) Conjugation of DOTA to oligonucleotides: 

DOTA (32 mg, 66 tunol) and Sulfo-NHS (14 mg, 65 ^mol) in H2O (250 nl) were 
added to EDC (13 mg, 68 pmol) in H2O (250 jil), stirred on ice for 30 min and then 
wanned to room temperature to give DOTA-sulfo-NHS. A 100 fold excess of 
5 DOTA-NHS solution was added dropwise to the oligonucleotide (70-450 mnol) in 
IM carbonate buffer (pH 9) and then cooled on ice. The mixture was left at room 
temperature for 10 hours. The reaction mixture was first purified by gel filtration 
with NAP 5 columns, eluted with H2O and 1 00 |iL of 1 M TEAA (triethylammoniimi 
acetate buffer) was added to 1 mL of the product eluate. The product eluate was then 

10 appUed to a C-18 SPE column (Supelco), the column was washed with 50 mM 
TEAA (5 mL), 50 mM TEAA containing 5% acetonitrile (3 mL) and the DOTA- 
oligonucleotide was eluted with waterracetonitrile 50:50 (1 mL). The water* 
acetonitrile fraction was dried using a vacuum centrifuge. The products were 
analysed using electrospray ionization mass spectrometry. Analysis in negative mode 

15 after direct infusion resulted in the following data: 1. DOTA-phosphodiester: MS 
(EST) m/z: 662.27 [M-8H]^; 756.36 [M-7H]'' ; 882.91 [M-6H]^ Reconstitution of 
the data gave M = 5303.71; 2. DOTA-phosphorotioate: MS (EST) m/z: 656.58 [M- 
8H]^'; 738.56 [M-7H]*'. Reconstitution of the data gave M = 5917.35; 3. DOTA-2'- 
O-methyl phosphodiester: MS (EST) m/z: 674.02 [M-6H]^"; 770.19 [M-8H]*'; 

20 885.00 {M'TUf'. Reconstitution of the data gave M 5= 6148.84 

2b) ^'Ga-radiolabelling 

Sodium acetate was added to the eluate fix>m a ^'jGe/^Ga-generator (36 mg to 1 mL) 
to adjust the pH of the eluate to approximately 5.5 and the mixture was vortexed 

25 well. DOTA-oligonucleotide (10-100 nmol) was added and the mixture was 
transferred into a Pyrex glass vial for microwave activation for 1 min at 100 W. The 
reaction mixture was cooled to room temperature then 1 mL of 150 mM TEAA in 
H2O was added. The mixture was applied to a C-18 SPE-column (Supelco), which 
was then washed with 50 mM TEAA (1 mL), 50mM TEAA contauiing 5% 

30 acetonitrile (ImL). The product was eluted with ethanol: water 50:50 (1 mL) or 
waterracetonitrile 50:50 (1 mL). The reaction mixture was analysed by HPLC using 
Vydac RP and Fast Desaltmg HR 10/10 FPLC gel filtration columns. The analytical 
RCY ranged fi-om 50% to 70%, the isolated RCY ranged from 30 to 52%. Larger 
amounts of stronger eluents might improve the isolated RCY. 
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Example 3i 

^Ga radiolabelling of DOTA linked to peptides 

5 

In a first step, four different peptides were linked to DOTA: 

• Vasoactive Intestinal Pq>tide (VIP); 28 amino add residues; 

• Neuropeptide Y Fragment 1 8-36 (NPY); 19 amino acid residues; 

• Pancreastatin Fragmfflt 37-52 (P); 1 6 amino acid residues; and . 
10 • Angiotensin H (A); 8 amino acid residues. 



3a) ConjDgation of DOTA to peptides: 

Conjugation was canied out as described in 2a) using peptides (0.5-3/imol) instead 

15 of oligonucleotides. 

The reaction mixtures and products were analysed by HPLC using Vydac RP and 
Fast Desalting HR 10/10 FPLC gel filtration columns. Electrospray ionization mass 
spectrometry, ESI-MS, was performed on Fisons Platform (Micromass» Manchester, 
UK), using positive mode scamiing and detecting [MHr2H]^'*^, [M+4H]** and 

20 [M+5H]^^ . VIP was detected at mix = 832.07 [M+4H]'"^. (DOTA)2-VIP was 
detected at m/z = 1025.00 [M+4H]'*''. (DOTA)3-VIP was detected at m/z = 1122,0 
[M+4H]''^ (DOTA)4-VIP was detected at m/z = 1218.00 [M+4H]'*'^. NPY was 
detected at m/z = 819.31 [M+3H]^^ DOTA-NPY was detected at m/z = 948.18 
[M+3H]^*. P was detected at m/z = 909.55 [M+2H]^*. DOTA-P was detected at m/z 

25 = 1103.02 [M+2H]^^. A was detected at m/z = 524.1 [M+2Hf* and DOTA-A was 
detected at m/z = 717.20 [M+2H]^^. 

3b) ^Ga - radiolabeUing 

^^Ga - radiolabelling was carried out as described in 2b) using 10-20 nmol DOTA- 
30 peptide. 

The reaction mixture was analysed by HPLC using Vydac RP and Fast Desalting HR 
10/10 FPLC gel filtration columns. The analytical RCY ranged from 80% to 90%, 
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the isolated RCY ranged from 60 to 70%. Larger amounts of stronger eluents might 
improve the isolated RCY. 
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Claims; 



10 



15 



20 



25 



1. Method of producing a radiolabelled gallium complex by reacting a Ga^ 
radioisotope with a chelating agent characterised in that die reaction is carried 
out using microwave activation. 

2. Method according to claim 1 wherein the Ga^ radioisotope is selected fiom the 
group consisting of ^Ga^, *^Ga^ and ^Ga^. 

3. Method according to claims 1 and 2 wherein the Ga^ radioisotope. is ^Ga^^ 

4. Method according to claims 1 to 3 wherein the chelating agent is a macrocyclic 
chelating agent. 

5. Method according to claims 1 to 4 wherein the chelating agent comprises hard 
donor atoms, preferably O and N atoms. 

^ 6. Method according to claims 1 to 5 wherein the chelating agent is a Infunctional 
chelating agent. 

7. Method according to claims 1 to 6 wherein the chelating agent is a bifunctional 
chelating agent comprising a targeting vector selected-firom the groi^-eonsisting 
of proteins, glycoproteins, lipoproteins, polypeptides, glycopolypeptides, 
lipopolypeptides, peptides, glycopeptides, lipopeptides, caifoohydrates, nucleic 
acids, oligonucleotides or a part, a fragment, a derivative or a complex of the 
aforesaid compounds and small organic molecules. 

8. Method according to claim 7 wherein the target vector is a peptide or 
oligonucleotide. 



Method according to claims 1 to 8 wherein the microwave activation is carried 
out at 80 to 120 W, preferably at 90 to 1 10 W. 
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10. Method according to claims 1 to 9 wherein the microwave activation is carried 
out for 20 s to 2 min, preferably for 30 s to 90 s. 

11. Method according to claims 3 to 10 wherein the ^Ga^ is obtained by contacting 
5 the eluate fipom a ^Ge/^^Ga generator with an anion exchanger and eluting ^^Ga^ 

from said anion exchanger. 

■12. Method according to claim 11 wherein the ^Ge/^Ga generator comprises a 
colwnn comprising titanium dioxide. 

10 

13. Method according to claims 11 to 12 wherein the anion exchanger comprises 
HCO3' as counterions. 

14. MeAod according to claims 11 to 13 wherein the anion exchanger is a strong 
1 5 anion exchanger. 

15. Method according to claims 6 to 14 fiir the production of ^Ga-radiolabelled PET 
tracers. 



INTERNATIONAL SEARCH REPORT 



PCT/GB2004/001550 



A. CLASSIRCATION OP SUBJECT MATTER 

IPC 7 A61K51/00 

//A61K101:30 






Aoooiding lo International Patent Ctassiicaljon (IPC) or to b 


oth national dassHicalion and IPC 




B. FIELDS SEARCHED 


Mtnimum documentation searched (dassWcation system 16 

IPC 7 A61K 


Bowed to/ dassilicatioD symiiob) 




Documeniatkm searched other than mbUmufn documentaUo 


n to the extent thai such ctocuments are Indud 


ed In the fields searched 



EPO-Internal , EMBASE, MEDLINE, BIOSIS, WPI Data. PAJ 



C. DOCUMENTS CONSIDERED TO BE RELEVAKT 



Category* CBation of document, with indication. ¥vtiereappiopriate. of the relevant passagss 



Relevant to daim No. 



WO 99/56791 A (UNIV NEW YORK ; 
WASHINGTON (US)) 
11 November 1999 (1999-11-11) 
dted In the application 
the whole document 



UNIV 



1-15 



MORRISSEY ET AL: "Microwave preparation 
of technet1uin-99m-sulfur colloid" 
JOURNAL OF NUCLEAR MEDICINE TECHNOLOGY, 
SOCIETY OF NUCLEAR MEDICINE, NEW YORK, NY, 
US. 

vol. 20, no. 3, September 1992 (1992-09), 
pages 159-162, XP002105674 
ISSN: 0091-4916 
abstract 



1-15 



-/-- 



Fiifther documeMs aie Osied In the oonUnuation of Ixk C. 



Pateni famDy members are ilsled in annex. 



* Spedal calegories of dted documents : 

*A' document defining the genetaJ state of the an which is not 
considered to be of particular relevance 

■E' aarler document but published on or after the miemaUonai 

filing date 

*L* document wttlch may throw doubts on prtoitty daimCs) or 
which Is cited to establish the publication date of another 
citation or other spedal reason (as spectfled) 

*0r document referring to an oral disclosure, use, exhibllonor 
other means 

•P* document published prior to the intemaDonai fiing date but 
later than the priority data claimed 



*T*. later document published aflar the intematlanat filing date 
or priority date and not in conflict vMh the application but 
dted to understand the prindple or theory underlywtg the 



*X* document or particutar relevance; the datned Invention 
cannot be considered novel or cannot be considered lo 
involve an inventive step wti«i the document is taken alone 

*Y" document of paiUcuiar relevance: the clatned invention 

cannot be considered to Involve an Inventive step wtian ttie 
document b combined with one or moie oitier such docu- 
ments, such combination being obvious to a person GidDed 
In the art. 

'&* documeni member of tfie same patent family 



Date Of the actual oompidlon of the imemailonal saaich 



30 July 2004 



Dale of maling of the kiiemailonal seaich report 

05/08/2004 



Name and maQing address of the ISA 

European Patent Office. P.B. 5818 Paientlaan 2 
ML*Z280HVRiJSW|l( 
Tel (431-70) 340-2040. Tx. 31 651 epo nl. 
Fax: <4-31-70) 340-3016 



Herrera, S 



Foim PCT/ISA/210 (aoMndaheel) (JantAty 2004) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



C^Contlruiatlon) DOCUMENTS CONSIDERED TO BE RELEVANT 



Pa/GB2004/001550 



Category' 



Caation of document, with Indlcauon. wneia appropriate, of the relevani passages 



MCCARTHY T J ET AL: "APPLICATION OF 

MICROWAVE HEATING TO THE SYNTHESIS OF 

U18FFLU0R0MIS0NIDAZOLE" 

APPLIED RADIATION AND ISOTOPES, PER6AM0N 

PRESS LTD., EXETER, GB, 

vol . 44, no. 8, 

1 August 1993 (1993-08-01), pages 
1129-1132, XP000395096 
ISSN: 0969-8043 

page 1132, left-hand column, lines 16-22 

UO 95/33757 A (MALLINCKROOT MEDICAL INC) 
14 December 1995 (1995-12-14) 
claims 1-3; examples 15-17 

STONE-EL ANDER S ET AL: "Fast chemistry In 
microwave fields: Nucleophllic 
<18>F-rad1ofluor1nat1ons of aromatic 
molecules" 

APPLIED RADIATION AND ISOTOPES 1993 UNITED 
KINGDOM, 

vol. 44, no. 5, 1993, pages 889-893, 

XP009034688 

ISSN: 0883-2889 

cited In the application 

abstract 

page 892, left-hand column, lines 20-42 



HeiavanitociaiffnNo. 



1-15 



1-15 



1-15 



fom PCT4SA/210 (oanlinualian af-Boeond AaM) fJanuaiy a0O4) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

tnfornifltlon on pAlont family incnibcfs 



PCT/GB2004/001550 



Patent document 




Publication 




Patent family 


Publication 


dted In search report 




date 




member^s) 


date 


WO 9956791 


A 


11-11-1999 


AU 


5079099 A 


23-11-1999 








WO 


9956791 Al 


11-11-1999 



WO 9533757 


A 


14-12-1995 BR 


940B590 A 


26-08-1997 






MO 


9533757 Al 


14-12-1995 






AU 


7312694 A 


04-01-1996 






EP 


0802919 Al 


29-10-1997 






JP 


10501218 T 


03-02-1998 



Fomi PCT/ISA/21 0 (pstM fainfly onnoK) (Jwwafy 2004) 



